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ABSTRACT 

The oldest- old are the fastest growing segment of the Western population. Over half of the oldest- old will 
have dementia, but the etiology is yet unknown. Age is the only risk factor consistently associated with 
dementia in the oldest- old. Many of the risk and protective factors for dementia in the young elderly such 
as ApoE genotype, physical activity, and healthy lifestyle, are not relevant for the oldest- old. 
Neuropathology is abundant in the oldest- old brains, but specific pathologies of Alzheimer's disease (AD) or 
vascular dementia are not necessarily correlated with cognition, as in younger persons. It has been 
suggested that accumulation of both AD- like and vascular pathologies, loss of synaptic proteins, and 
neuronal loss contribute to the cognitive decline observed in the oldest- old. Several characteristics of the 
oldest- old may confound the diagnosis of dementia in this age group. A gradual age-related cognitive 
decline, particularly in executive function and mental speed, is evident even in non- demented oldest- old. 
Hearing and vision losses, which are also prevalent in the oldest- old and found in some cases to 
precede/ predict cognitive decline, may mechanically interfere in neuropsychological evaluations. 
Difficulties in carrying out everyday activities, observed in the maj ority of the oldest- old, may be the result 
of motor or physical dysfunction and of neurodegenerative processes. The oldest- old appear to be a select 
population, who escapes major illnesses or delays their onset and duration toward the end of life Dementia 
in the oldest- old may be manifested when a substantial amount of pathology is accumulated, or with a 
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composition of a variety of pathologies. Investigatingthe clinical and pathological features of dementia in 
the oldest- old is of great importance in order to develop therapeutic strategies and to provide the most 
elderly of our population with good quality of life. 

KEY WORDS: Dementia, epidemiology, neurobiology, oldest- old, risk factors 



INTRODUCTION 

As life expectancy is steadily increasing 1 the 
Western population is aging. With the decline in 
fertility, the extreme elderly are the fastest growing 
segment of the population. In the US alone, the 
proportion of those aged > 8 5 is expected to increase 
from less than 2% in 2010, to over 4% in 2050, 
constituting more than 20% of those aged >65. 2 
Combining the world's more developed regions 
(Europe, Northern America, Australia/ New Zealand, 
and J apan), by the middle of this century 5.5% of 
the population will be aged > 85. 3 The fast increase 
in the proportion of the oldest- old in the population 
will impose new public health and economic 
challenges. Within this age group, over half will have 
dementia, 4 - 5 and the annual incidence rate will 
double every 5 years. 6 Over 10% of the oldest-old 
will live in skilled- nursingfacilitres, 7 and even more 
will utilize assisted- living facilities. About 50% of 
the residents of skilled- nursing facilities in the US 
are oldest- old. 7 Middle-aged individuals will find 
themselves going from caring for their children to 
caring for their parents. To date, the current 
knowledge base of the epidemiology, neuro- 
psychology, and neurobiology of dementia in the 
oldest- old is inadequate for developing therapeutic 
strategies. Understanding dementiain extremely old 
age is therefore crucial for easing the economic and 
societal burden of caringfor our most elderly, which 
will increase dramatically in the next few decades. 

Here we review the neuropsychological and 
neurobiological characteristics of dementia in very 
old age, and give special attention to risk and 
protective factors. 

EPIDEMIOLOGY OF DEMENTIA IN THE 
OLDEST-OLD 

Normal aging does not imply unavoidably cognitive 
decline, and dementia is not an inevitable conse- 
quence of old age. According to the DSM-IV, 
dementia is characterized by the development of 
multiple cognitive deficits that include memory 
impairment and at least one of the following 



cognitive disturbances: aphasia, apraxia, agnosia or 
a disturbance in executive functioning- the cognitive 
deficits must be sufficiently severe to cause 
impairment in occupational or social functioning 
and must represent a decline from a previously 
higher level of functioning. 8 Estimates of cognitively 
intact centenarians are 11%9 to 30%. 10 - 13 Amongthe 
oldest- old, estimates of dementia prevalence are 
about 50% 14 to over 60%. 45 Nevertheless, the 
dementia incidence rate is a matter of controversy. 
Slowing of dementia incidence after age 90 has been 
found in several studies, 15 - 21 but results from the 
pioneering "90+ Study," a study of the neuro- 
psychology and neurobiology of over 1,200 
nonagenarians, suggest that the incidence of 
dementia continues to rise exponentially after the 
age of 90. 22 The all-cause dementia incidence rate 
was found to increasefrom 12.7%peryear for those 
aged 90 to 94 years, through 2 1.2% per year for the 
group 95 to 99 years old, to 40.7% per year for 
persons aged 100 years and older, essentially 
doubling every 5.5 years. 22 This increase in 
incidence rate is comparable with that observed for 
persons aged 65 to 90, which also doubles 
approximately every 5 years. 23 Recent results from 
the 90+ Study highlights the relevance of the 
baseline cognitive status of the oldest- old for the 
observed incidence rate. This study reported that 
all- cause dementia incidence was highest for 
participants who, at thebeginningof thestudy, were 
not demented but had amnestic mild cognitive 
impairment (MCI) (31.4% per year) and other 
cognitive impairment (39.9% peryear). Participants 
with normal cognition at the beginning of the study 
had an incidence of 8.4% per year. 24 Differences in 
evaluation methods and attention to baseline 
cognitive status may account for some of the 
differences in results between studies. 

The most common subtypes of dementia are 
Alzheimer's disease (AD) and vascular dementia 
( VaD) . If incidence rates of AD differ from those of 
VaD, differences in the composition of the cohort, in 
terms of dementia subtypes, may account for some 
differences between studies as well. It is therefore 
interestingto examinewhether the incidence rateof 
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each of these dementia subtypes is similar to that of 
all- cause dementia. Some studies suggested that 
there are no significant differences in incidence 
rates between AD, VaD, and all- cause dementia in 
the oldest- old. 19 - 20 - 25 - 26 Other studies, however, 
reported higher incidence rates for AD, which 
continued to increase with age, as compared to VaD, 
which remained lower 27 and fairly stable across 
age. 28 The reason for this discrepancy is unclear. 
One possibility is the dying 1 off of the individuals 
who are predisposed to VaD. Those individuals are 
likely to be survivors of cardiovascular diseases and 
stroke, and therefore are less likely to reach 
extremely old age. In addition, the proportion of 
men and women who suffer from AD is different 
from this proportion in VaD. With women at greater 
risk for AD (discussed below) and having a longer 
life expectancy than men, differences in incidence 
rates between AD and VaD may be more robust in 
specific subgroups. 

Noteworthy is the fact that diagnosis of dementia 
in these studies was mostly based on neuro- 
psychological examination, anddassiryingsubtypes 
of dementia antemortem in the oldest- old is tricky, 
at best. Furthermore, oldest- old individuals are 
more likely to suffer from medical comorbidities and 
have high rates of sensory loss, psychoactive 
medication usage, frailty, and fatigue (for review 
see 29 ) . Together with the decline in cognition often 
observed in normal aging (discussed below), these 
factors impose a challenge on the diagnosis of 
dementia in this unique population, possibly 
contributing to the variability in incidence rates 
reported in different studies. 

ETIOLOGY OF DEMENTIA IN THE 
OLDEST-OLD 

As for AD in young elderly, the etiology of dementia 
in the oldest- old is unknown. Several genetic and 
environmental factors have been proposed to 
increase the risk of dementia in the oldest- old. 
Importantly, risk/ protective factors for dementia in 
younger elderly subjects may not pertain to the 
oldest- old. Moreover, postmortem studies suggest 
that neuropathology is abundant in the oldest- old 
brains, and not necessarily correlated with 
dementia, makingthe determination of the etiology 
a difficult mission. In this section we reviewthe risk 
factors and neurobiology of dementia in the oldest- 
old. 



Risk Factors for Dementia in the Oldest- 
Old 

Age 

The high rates of incidence and prevalence of 
dementia in the oldest- old indicate that age is an 
important risk factor. Although it has been 
suggested that dementia is an inevitable part of 
aging, 30 dementia could result from the continued 
accumulation of potentially preventable age- related 
risk factors, 21 eventually surpassinga threshold after 
which protective mechanisms (such as neuro- 
immune response) and compensatory facilities 
(such as reserve capacity) cannot maintain healthy 
cognition. Since agingis inevitable, rnanagingmodi- 
fiable risk factors could, at least partially, prevent or 
delay some of the devastating aspects of extremely 
old- age dementia. 

Estrogen and estrogen therapy 

Women's life expectancy is longer than men's. Also, 
sex differences in incidence/ prevalence of all- cause 
dementia, as well as AD and VaD, have been 
reported in the oldest- old. Results from the 90+ 
Study suggested higher prevalence ( all cases) of all- 
cause dementia in women than in men, 31 although 
the incidence ("new" cases) rates were similar in 
both sexes. 22 The authors suggested that sex 
differences in prevalence are due to shorter survival 
of men after a diagnosis of dementia, as previously 
reported in younger elderly. 32 Examining dementia 
subtypes, the majority of the reports are in 
agreement with higher prevalence and incidence 
rates of AD in extremely old women. 19,26,28,33- 36As f or 
VaD, however, higher prevalence and incidence 
rates in very old men were suggested in some 
studies, 26 - 27 but not all. 25 - 35 - 36 One immediate suspect 
among gender differences is estrogen, the primary 
female gonadal hormone. Unlike testosterone, the 
primary male gonadal hormone, which gradually 
and moderately decreases with male aging, 37 
estrogen production in women ceases suddenly 
around the time of menopause. 38 Indeed, 
epidemiological evidence has linked the loss of 
estrogen with an increased risk for the development 
of AD, and suggested that estrogen replacement 
would signifrcantly decrease theincidenceof AD (for 
reviews see 39 - 40 ). Despite the majority of 
epidemiological and basic research that suggest 
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beneficial actions of estradiol, some clinical trials 
examiningthe role of hormone replacement therapy 
in the development of AD, including the Women's 
Health Initiative (WHI), have provided conflicting 
results. 41 - 43 Finally, it has been suggested that 
women are at greater risk for dementia and AD 
simply because they live longer, and thus more likely 
to develop age-related disorders. A support for this 
notion came from the Leisure World Cohort Study, 
which suggested that estrogen therapy is associated 
with longevity, rather than dementia. 44 

Genes 

To date, no clear evidence has shown an association 
between genetic factors and dementia in the oldest- 
old. This may seem at odds, since the genetic factors 
that are most consistently associated with dementia 
in younger elderly (particularly AD) 45 and 
longevity 46 are all related to a specific family of 
proteins— the lipoproteins. These genetic factors 
include: 1) the e4 allele of apolipoprotein E (ApoE) 
gene that has been independently associated with 
increased risk of late- onset (age > 65) AD 47 - 48 and 
reduced chance of becoming a centenarian; 49 and 
the genes for 2) microsomal transfer protein 
(mediates the rate-limiting step in lipoprotein 
synthesis); and 3) cholesteryl ester transfer protein 
(affects HDL and LDL particle size), which have 
been associated with longevity. 50 ' 51 None of these 
genes were associated with dementia in the oldest- 
old. In fact, the presence of the ApoE e4 allele seems 
to lose its significance in predicting AD as age 
progresses. 52 The lack of associations between 
dementia and lipoproteins in very old age add 
further evidence to the hypothesis that the oldest- 
old are likely to be biologically different from the 
younger- old. 

Physical activity 

In studies of younger elderly, physical activity has 
consistently been associated with decreased risk of 
dementia. 53 - 56 A possible explanation is that 
physically active individuals are more resistant to 
adverse risk factor changes, which modulate the risk 
of dementia, such as diabetes or diabetes-like 
metabolic disorders (reviewed in 5758 ) and 
cardiovascular diseases (reviewed in 59.60). other 
mechanisms may involve direct influences of 
physical activity on brain plasticity 61 and structural 
and functional brain reserves. 62 In addition, 
experimental studies have shown that exercise 
resulted in a decrease in Ap plagues in the cerebral 



cortex and hippocampus in a mouse model for AD, 63 
and promoted hippocampal neurogenesis in a 
mouse model for amyotrophic lateral sclerosis. 64 
Although similar associations between physical 
activity and dementia may be expected in the oldest- 
old, such evidence is extremely scarce. Preliminary 
analyses of the 90 + Study showed that impairment 
in measures of physical performance ( such as timed 
walking, balance, and hand grip) were associated 
with increased risk of dementia. 6 Nevertheless, data 
of the 90+ Study from the 1980s associated late- life 
exercise with longevity, but not dementia. 65 In order 
to assess fully the contribution of physical activity to 
risk of dementia in the oldest- old, exercise and 
activeness should be objectively evaluated in real 
time, years before the onset of dementia. This 
requires long prospective studies, which are 
currently unavailable. 

Lifestyle 

Similar to physical activity, other lifestyle- related 
factors have been associated with longevity. Those 
factors include eating habits reflected in body mass 
index (both being underweight and being obese 
increased the risk of mortality), 66 alcohol consump- 
tion ( more than 2 drinks per day reduced the risk of 
death by 15%), 67 and caffeine intake (with a U- 
shaped mortality curve). 68 None of these factors, 
however, were associated with prevalent dementia 
in the oldest- old. 6 

In summary, many of the risk and protective 
factors for dementia in the young elderly are not 
relevant for the oldest- old. Out of the reviewed 
factors, only age was consistently associated with 
dementia in the oldest- old. Estrogen showed some 
association with dementia in the oldest, but this 
association was not consistent through all studies 
and dementia subtypes. The other factors— the e4 
allele of the ApoE gene, physical activity, and 
healthy lifestyle— which were all associated with 
dementia in younger elderly, were not associated 
with dementia in the oldest- old. This difference 
supports the potential for differential neurobiology 
of AD and dementia in the oldest- old. 

Neurobiological Changes in Dementia of 
the Oldest-Old 

"Dementia" is a general term for a group of 
disorders, and the distinction between dementia 
subtypes is largely dependent on their underlying 
neuropathology. Hence, for the most part, the 
following discussion describes the associations 
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between pathologies of specific dementia subtypes 
and the clinical manifestation of general dementia 
symptoms. The maj or pathological hallmarks of AD, 
extracellular deposits of amyloid protein which form 
neuritic plaques and intraneuronal neurofibrillary 
tangles, are found with increasing frequency in 
advancing age. 69 The age-related increases in AD 
pathologies, together with the increased incidence 
rates of dementia with age, suggest that the two are 
related. Recent studies, however, have shown that 
the association between the pathological features of 
AD and dementia is stronger in younger persons 
than in the oldest-old. 4 This lack of association was 
found to be due to both high prevalence of cerebral 
pathologies in some non- demented oldest- old 70 - 74 
and low prevalence of these pathologies in many 
demented oldest- old. 75 - 78 Moreover, in the oldest- 
old, an ApoE e2 allele— which is considered 
protective against AD— was associated with a 
somewhat reduced risk of dementia, despite its 
association with increased AD neuropathology. 79 
Some of the above-mentioned studies (eg. 4 - 74 - 75 ) 
found these weaker relationships in the oldest- old 
not only for AD pathology, but also for other types of 
neuropathologies (hippocampal sclerosis, atrophy, 
vascular dementia, and diffuse Lewy body disease) . 
Consistent with that, cerebrovascular pathologies, 
such as small- vessel disease and/ or infarcts, were 
strongly associated with dementia in younger elderly 
but not in the oldest- old. 4 

Contrary to these findings, a recent study from 
the Baltimore Longitudinal Study of Aging found 
that plaques and tangles were significant predictors 
of dementia independent of age. 80 This study also 
found that in participants older than 90 years of age, 
intracranial atherosclerosis predicted dementia in 
subjects with low Alzheimer's pathology scores. A 
study of a relatively large number of autopsies found 
that mixed AD pathology and vascular pathology 
accounted for most dementia cases in very old 
persons. 81 The cumulative effects of AD-type 
pathologies and vascular pathologies on cognition 
have been demonstrated in several studies. 82 - 83 

Another feature of aging and dementia is 
synaptic protein loss, which may dissociate oldest- 
old individuals with and without dementia. Head 
and colleagues studied several synaptic proteins in 
the frontal cortex of aged individuals (92- 105years) 
with a range of cognitive function. Synaptophysin 
protein levels were lower in individuals with 



dementia and correlated with cognitive function 
scores. 84 The investigators concluded that these 
protein levels may protect neuronal function in 
oldest- old individuals and reflect compensatory 
responses that may be involved with maintaining 
cognition. Similarly to these findings, we have also 
found that gene and protein expression levels of 
synaptic markers decrease in persons with 
dementia, regardless of age. 85 

This considerable discrepancy between pathology 
and dementia in the oldest-old has focused attention 
on the importance of neuronal loss, rather than the 
accumulation of abnormal protein deposits, in 
causing cognitive impairment. Contrary to the 
traditional view, it now appears that neuron loss is 
restricted in normal brain aging and unlikely to 
account for age-related impairment of neocortical 
and hippocampal functions. 86 Consistent with this 
idea, Sawaet al. found that neocortical cerebral 
atrophy maintained a relationship with dementia 
across all age groups 4 The value of cerebral atrophy 
in predictingdementia was supported by in vivo 87 - 88 
and postmortem 89 magnetic resonance imaging 
(MRI) studies. Specifically, a study from our group 
showed reduced functional MRI (fMRI) activation in 
highly functioning nonagenarians during a 
recognition memory task, as compared to younger 
subjects, suggesting effective usage of cognitive 
reserve. 90 The association between neuronal loss 
and cognitive impairment, and the lack of 
association between AD/ vascular pathologies and 
cognitive impairment, has led to the construct of 
"cognitive reserve, " the hypothesized capacity of the 
mature adult brain to resist the effects of disease or 
injury that would otherwise cause dementia. 91 
According to this hypothesis, elderly individuals 
with a high level of cognitive reserve may remain 
dementia-free in spite of the neuropathological 
changes. Several factors that predict lower risk of 
dementia, including high-quality education, 
occupational complexity, and balanced diet, were 
also associated with the biological advantage of 
cognitive ability, i.e. cognitive reserve (reviewed 
in 91 ). A recent study by Murray et al. demonstrates 
that the magnitude of the contribution of education 
to cognitive function is greater than the negative 
impact of either of the two neuropathological 
burdens alone, 92 emphasizing the role of both 
neuronal loss and neuronal reserve in thedementing 
processes of the oldest- old. 
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SYMPTOMATOLOGY OF DEMENTIA IN 
THE OLDEST-OLD 

Cognitive Decline 

Even without a "proper" dementia diagnosis, it is 
generally accepted that— on average— a gradual age 
related cognitive decline occurs in humans, as well 
as non- human primates. 93 - 94 Cognitive performance 
is a term that describes the composite outcome of 
multiple cognitive domains and the interactions 
between them. Therefore, "cogrutivedecline" maybe 
the result of impairment in an individual domain or 
impairment in multiple domains, possibly to 
different extents. Studies have described age related 
declines in many of the cognitive domains, including 
divided attention, 95 verbal memory, 96 working 
memory, 97 and learning. 98 - 99 Nevertheless, it appears 
that during normal aging, some domains are more 
susceptible to impairment than others. In particular, 
executive function and mental speed have been 
suggested as such vulnerable domains. 100 - 101 

This poses a new challenge on determining 
diagnosis of AD and other forms of dementia in the 
oldest- old. In spite of the great development in 
neuroimagingtechniques such as MRI and positron 
emission tomography (PET), neuropsychological 
assessment remains the key instrument in 
diagnosing dementia and monitoring cognitive 
decline. 

Several valid and reliable neuropsychological 
dementia screening instruments have been 
developed to address the issue of clinical dementia 
diagnosis in elderly in whom cognitive decline is 
expected. Those instruments include the Blessed 
Dementia Scale, 102 Dementia Rating Scale, 103 Mini- 
Mental State Examination (MMSE), 104 and Modified 
Mni- Mental State Examination ( 3MS) —an expand- 
ed version of the MMSE. 105 The MMSE is probably 
the most widely used, easy to administrate, 
cognitively comprehensive, and validated instru- 
ment for detecting dementia. 106107 It has also been 
validated in the oldest- old, as it was found to have 
good sensitivity and specificity across all age and 
educational groups. 108 

According to the National Institute of 
Neurological and Communicative Disorders and 
Stroke- Alzheimer's Disease and Related Disorders 
Association (NINCDS-ADRDA), in order to fulfill 
research criteria for probable AD, a patient must 1) 
meet the core clinical criterion A— significant 
episodic memory impairment; 2) meet at least one 



of the supportive biomarker criteria— medial 
temporal lobe atrophy (criterion B), abnormal 
cerebrospinal fluid biomarker (criterion C), specific 
pattern on functional neuroimaging with PET 
(criterion D), or proven AD autosomal dominant 
mutation within the immediate family ( criterion E) ; 
and 3) all other possible medical, psychiatric, and 
neurological explanations for the symptoms have 
been ruled out. 109 Strikingly, these criteria are 
pertinent only to individuals below the age of 90. 
Given the age-related cognitive decline described 
above, it is essential to set norms suitable for the 
oldest- old in order to make a reliable diagnosis. 
Using the 90+ study, Whittle et al. compiled a 
relatively brief test battery for multiple cognitive 
domains, with an average time to complete of one 
hour. 110 This study found that in non- demented 
oldest- old, cognitive performance declined with age 
for two-thirds of the tests, and a high prevalence 
(34%) of cognitive impairment was observed in a 
sample of non- demented oldest- old in another study 
from the same group. 111 Studies from our group 
demonstrated that declines in cognitive perfor- 
mance are found even when comparing individuals 
aged 85- 89 to those aged 90+years, 112 and that the 
rate of cognitive decline is faster in questionably 
demented nonagenarians compared to younger 
groups. 113 

Similarly, cross- sectional studies have compared 
cognitive abilities of disease free 100-year-olds to 
those of younger age groups. For instance, Poon et 
al. found that centenarians performed significantly 
lower on verbal and performance measures than 60- 
to 80-year-olds but did not differ in their ability to 
solve practical problems. 114 Similar findings were 
reported with Swedish centenarians on newlearning 
and working memory tests compared with 16- to 57- 
year-olds. 115 

In conclusion, theoldest-oldhavelowercognitive 
functioning and faster cognitive decline than 
younger elderly, and this decline affects cognition 
globally. 

Sensory and Motor Disability 

It seems to be commonly understood that very old 
people suffer from sensory losses and reduced 
physical and motor abilities. Extremely old 
individuals are typically portrayed in movies as 
having hunched walk, thick glasses, and loud 
speech, and replying with "What?!?" shouts to every 
question. This stereotypical presentation of old age 
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is not detached from reality. Visual losses are 
frequent in the oldest- old, with prevalence of 59% 116 
One of the most prevalent and debilitating types of 
vision loss is age- related macular degeneration with 
16.4%of white American, Australian, and European 
women aged 80 and older having the condition. 117 
Even more strikingis the prevalence of hearing loss 
in this population. A large population- based study 
found that 90% of people aged 80- 92 had some 
level of hearing loss. 118 Results from the 90+ Study 
showed that 72% of the participants had significant 
hearing loss, vision loss, or both. 119 

As cognitive decline and dementia are very 
common in the oldest- old (as described above), it 
has been suggested that sensory disabilities play a 
role in cognitive functions of the very old. For 
instance, greater hearing loss was associated with 
the severity of cognitive dysfunction in a dose- 
response manner, in both demented patients and 
normal controls. 120 However, hearing and vision 
losses may "mechanically" interfere in cognitive 
performances during neuropsychological evalua- 
tions, and result in false- positive classification of 
impaired performances as dementia. Gussekloo et 
al. reported that although both hearingimpairment 
(prevalence 85%) and visual impairment (preva- 
lence 59%) were associated with global cognitive 
impairment, only visual impairments were also 
associated with poorer scores on memory and 
cognitive speed, as measured with visuallypresented 
cognitive tests. 116 This suggests practical disadvan- 
tage of sensory impairment during cognitive 
assessments. In order to compensate for vision and 
hearing loss when assessing the oldest- old, using 
their experience in the 90+ Study, Brumback-Peltz 
et al. suggested some standardized changes in 
administration methods. 29 These changes include 
providing amplified auditory and visual stimuli, and 
modifying common neuropsychological tests to 
include large type-face cards that are presented 
simultaneously with auditory tasks, spoken in a 
loud, clear voice. 29 

On the other hand, some studies suggest that 
sensory loss, especially vision impairment, is truly 
biologically associated with cognitive decline. It has 
been shown that poor vision precedes dementia, 121 
and vision impairment predicts cognitive decline, 122 
even when evaluated using the blind version of 
MMSE. 123 An underlying biological mechanism for 
this association is suggested by several lines of 
evidence: AD patients often have retinal nerve 
degenerative changes, 124 caused by reduced 



numbers of ganglion cells and axons 125126 and retinal 
amyloid plagues accumulation. 127 In addition, 
diabetic retinopathy has been associated with 
cognitive decline. 128 Several studies further suggest- 
ed that treatment of specific visual disorders could 
alleviate cognitivedecline, 121 ' 129 ' 130 although caution 
must be applied when interpreting the treatment 
effect as "causative." Nevertheless, postoperative 
increase in visual cortex grey matter volume was 
observed after cataract surgery, 131 and disrupting 
retinoid signalingpathway in rats resulted in loss of 
choline acetyl transferase expression and amyloid P 
deposition in cerebral blood vessels, 132 suggesting 
that the relationship between visual impairment and 
cognitive decline is not merely a mechanical artifact. 

Similarly to cognition and sensory abilities, 
motor abilities (as speed and power) and physical 
performance also decline with age. Moreover, it 
appears that these motor and physical declines may 
be associated with declines in cognition 133 and an 
increased risk of dementia, disability, and death. 
Earlier we have reviewed studies that suggest 
physical activity may be protective against dementia 
and cognitive decline. However, the physical and 
motor disabilities that are common in the oldest- old 
population are likely to prevent them from perform- 
ing physical activity. These disabilities may well 
precede cognitive decline, and therefore may reflect 
common pathways in age- associated mechanisms of 
physical and cognitive decline. 

Disability and Activities of Daily Living 

Comorbidity is very common among the oldest- old. 
Suffering from neurodegenerative disorder or 
related medical illness may result in difficulties in 
carrying out every- day activities. The 90+ Study 
found that almost all participants had at least one 
major medical illness or cardiovascular risk factor, 
and 62% had two or more. 134 In centenarians it was 
found that, on average, they had more than four 
chronic conditions or diseases. 135 

Physical disability, medical illness, and cognitive 
impairment can all contribute to functional 
disability, presented as functional losses in activities 
such as driving and managing financial matters. 
Therefore, functional disability is expected to be 
very prevalent in the oldest- old. A study of people 
aged 84-90 found a minority (23%) of high- 
functioning subjects with no or only mild 
disability. 136 In addition, the 90 + Study found that, 
overall, 16.4% became disabled each year, and that 
the disability incidence increased with age from 
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8.3% in the 90- 94 age group to 25.7% in the 95 
years and older age group. 134 

A widely accepted measure of disability is the 
index of Activities of Daily Living (ADL), including 
basic ADLs (BADLs) 13 ? and instrumental ADLs 
( I ADLs) . 138 Grades of the BADLs summarize overall 
performance in self- care tasks, such as bathing, 
dressing, using the toilet, transferring, continence, 
and feeding. IADLs include tasks such as 
housework, taking medication as prescribed, 
managing money, shoppingfor groceries, and using 
technology. IADLs consist of tasks which are not 
necessary for fundamental functioning, but they let 
an individual live independently in a community. 139 
I ADL independence is one of the defining features 
that distinguishes normal agingfrom mild cognitive 
impairment (MCI) and dementia, 140 whereas losses 
in the ability to perform BADL are characteristics of 
moderate to severe dementia. 141 For instance, a 
positive relationship has been observed between the 
level of cognitive impairment and the decline in 
IADLs such as managing money, telephone use, 
preparingmeals, and medications. 142 A recent study 
found that lower Dementia Rating Scale scores were 
associated with greater reported difficulties and 
impairments in ADLs, as follows: 1) participants in 
the "mild" range of cognitive impairment were most 
likely to have difficulties with IADLs such as 
household upkeep, managing finances, and func- 
tioning outside a familiar environment; 2) a large 
proportion of individuals with "moderate" cognitive 
impairment reported difficulty with washing/ 
grooming and dressing (BADLs), and additionally 
reported difficulty to some degree in all of the 
IADLs; 3) individuals in the "severe" cognitive 
impairment range were likely to have difficulties 
with all BADLs, and over 85% of the severe group 
reported difficulty in all IADLs. 143 

Losses in the ability to perform ADLs are very 
common in the oldest- old. Difficulty in one or more 
BADLs was present in 71% of 90- 94-year-olds, 89% 
of 95- 99- year- olds, and 97% of centenarians, with 
walking as the BADL most commonly causing 
difficulty (70%), and bathing as the BADL most 
commonly causing dependency ( 51%) . 144 Bathing is 
described as a "sentinel event in the disabling 
process," 145 and those unable to bathe themselves 
without help are more likely to need long-term 
care. 146 In what seems to be a conflicting result, a 
recent publication of the Newcastle 85+ study 
reported that, of the different ADLs, "cutting 
toenails" was the first item with which participants 



had difficulty and "feeding" the last. 147 In this study, 
however, the results rely on self- reports, indicating 
that the study population consisted of higher- 
performingindividuals. There is scarce information 
on the extent of the contribution of ADL and IADL 
to oldest- old dementia. 

Functional disabilities which extend beyond the 
specified ADLs have also been associated with aging 
and dementia. Fine hand motor function (e.g. 
precision pinch) and gross hand motor function (eg. 
pinch and grip force) decline with age 148 and are 
associated with MCI and, to a larger extent, with AD 
( reviewed in 149 ) . Impairment in hand- motor activity 
is likely to contribute to the high prevalence of 
difficulties in performing IADLs observed in the 
oldest- old. 

DISCUSSION 

The increase in the proportion of the oldest- old in 
the Western population and the increased preva- 
lence of dementia in this age group emphasize the 
importance of giving extra attention to investigating 
its specific characteristics. This is not an easy task, 
since the maj ority of the oldest- old suffer from many 
medical conditions, age-related cognitive decline, 
sensory and motor disabilities, and disabilities in 
performing everyday activities. This group also 
presents neurobiological features which differ from 
younger elderly, including great variability, making 
interpretation of their contribution to dementia 
more complex. To complicate characterization 
further, risk factors for dementia in the oldest- old 
do not seem to comply with those in young elderly, 
with age being the only significant risk factor. 

These differences raise the question whether the 
oldest- old are a select population, predisposed to 
longevity by a veiled biological mechanism, and 
promoted by modern healthcare. If so, normal aging 
processes cannot be inferred by investigating the 
oldest- old, and dementing processes in the oldest- 
old cannot be inferred from those in young elderly. 
Consistent with the notion of selected population, 
the "compression of morbidity" hypothesis proposes 
that individuals who reach the limits of the human 
life-span compress the onset and duration of 
illnesses toward the end of life. 150 It has been shown 
that over 83% of centenarians delayed (to their 
ninth decade or later) or escaped the most lethal 
diseases of the elderly population, i.e. heart disease, 
non-skin cancer, and stroke. 151 Moreover, "delayers" 
and "escapers" may be two distinct populations. 
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Escaping lethal diseases by the age of 100 suggests 
an innate advantage, a "fountain of youth" sort of 
mechanism, which acts throughout life from early 
development. Richard Cutler, in his classic paper in 
gerontology, proposed that persons who achieve 
extreme old age have genetic variations that affect 
the basic mechanisms of aging and promote a 
decreased susceptibility to age- associated 
diseases. 152 The decreased susceptibility may be due 
to the absence of "disease genes," 153 or due to the 
presence of 'longevity- enabling genes" that confer 
protection against the basic mechanisms of agingor 
age-related iUnesses. 46 In support of this notion, 
evidence from studies of centenarian pedigrees 
showed that their family members are more likely to 
have such combinations of factors in common than 
the general population, as they had much lower 
death rates than those of the general population 
(reviewed in 154 ). The genetic and neurobiological 
composition of the "escapers" is therefore unigue 
and may present a basis for investigations of 
protective factors for healthy aging and cognition. 
Since, overall, the data on the oldest old, and 
particularly on dementia, are scarce, interpretations 
must be made with caution. 

Achieving exceptional longevity by delaying age- 
related diseases, however, offers a much less 
dramatic approach. In this approach, different levels 
of risk factors, some of them potentially modifiable, 
will determine the individual's probability of 
remaining in good health when others of this age 
group succumb to illness. 

By itself, the notion of delaying or escaping 
diseases until exceptional old age cannot explain the 
difficulty in characterizing the etiology of dementia 
in the oldest- old. The principle of demographic 
selection dictates that the oldest- old are more 
similar to one another, genetically and environ- 
mentally, than younger elderly individuals, where, 
theoretically, more heterogeneity is evident. This 
appears to contradict the great variability in 
neurobiological features observed in this age group. 
However, in the oldest- old, the biological pheno- 
types are only weakly associated with cognition, 4 
possibly reflecting age-related accumulation of 
varied biological features. As the oldest- old group is 
probably composed of individuals who are geneti- 
cally resilient ( "escapers") or with low levels of risk 
factors ("delayers") for developing disease, it is with 
reason that dementingprocesses will be manifested 
at levels of pathologies which are different than 
those of younger elderly. In delayers, low levels of 



risk factors will result in a low rate of accumulation 
of pathologies, eventually surpassing the threshold 
for cognitive decline. In these individuals, the asso- 
ciation between cognitive decline and neuropatho- 
logical features is expected to resemble the 
association in younger elderly. In escapers on the 
other hand, the composition, rather than amount, of 
the accumulated pathologies is likely to play abigger 
role in cognition— a large variety of minimal 
pathologies (each one by itself is not sufficient for 
causing dementia) will trigger the dementing 
processes. The greater proportion of resilient 
individuals in the oldest- old, compared to younger 
population, may account for the diminished 
association between pathology and cognition. The 
fact that not all oldest- old are necessarily resilient, 
may explain the discrepancies in findings in 
different studies. 

To date, research of the oldest- old is limited not 
only by the medical and physical features of extreme 
age, but also by administrative considerations. The 
NINCDS gold standard for AD clinical diagnostic 
criteria are limited to age 90, 155 leadingto exclusion 
of those at highest risk from major international 
studies. Thus, raising the awareness of the clinical 
and pathological meaning of dementia in the oldest- 
old is of enormous urgency. Only extensive research 
will enable us to provide this rapidly growingpopu- 
lation with good guality of life and graceful aging. 
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